INTRODUCTION
Bone grafts, which can be broadly classified as autografts and allografts, are frequently used during orthopaedic surgeries to reconstruct bony defects and augment healing. However, autografts remain the gold standard since there is complete histocompatibility and no risk of disease transmission with this donor source. The osteogenic, osteoconductive and osteoinductive properties of the donor bone are fully retained when it is utilised as a fresh autograft. Hence, if available, autografts are the preferred choice in reconstructive surgeries. However, the use of autografts is frequently limited by its supply, especially in the paediatric population and in major reconstructive procedures involving large defects.
(1) The other major drawback is donor site morbidity, which includes infection, prolonged wound drainage, haematomas, reoperation, chronic pain, sensory loss and unsightly scars. (1, 2) Allografts, on the other hand, are plentiful and avoid donor site morbidity. However, allografts carry the risk of disease transmission, with contaminated allografts possibly containing blood-borne pathogens and resulting in wound infections. In order to mitigate these problems, the American Association of Tissue Banks has recommended a set of criteria for selecting donors, in addition to serological testing for certain infectious diseases. Allograft processing, which commonly uses methods such as gamma irradiation, heat treatment, chemical disinfection or a combination of methods, further reduces these risks. (1, 4) Since its establishment in 1981, the Singapore General Hospital (SGH) Bone Bank, Singapore, has exclusively stored femoral head allografts and relied on flash sterilisation as the primary method for reducing allograft-related disease transmission and wound infection. Routine serological testing for human immunodeficiency virus (HIV), and hepatitis B and C viruses was only implemented later.
(5) The SGH Bone Bank Protocol has since been validated in a previous study, in which the method used by SGH was shown to maintain the sterility of autoclaved allografts for up to six months. (5) Autoclaving is a widely available and economical processing method, which effectively decontaminates allografts through the sterilisation of exterior surfaces. However, Böhm and Stihler have reported that intraosseous temperatures during autoclaving are significantly lower than expected, and thus may not be sufficient to eradicate transmissible pathogens. (6) Nonetheless, as that study was conducted using entire calf femurs, the results may not be applicable to femoral head allografts, which are considerably smaller. To the best of our knowledge, there has not been any published literature regarding the intraosseous temperatures of femoral head allografts during the autoclaving process. Thus, the aim of the present study was to determine the intraosseous temperatures of femoral 
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head allografts during autoclaving and to assess the adequacy of autoclaving in the prevention of disease transmission.
METHODS
In September 2012, we acquired six femoral heads from patients who underwent hip arthroplasty as a result of trauma or osteoarthritis. The diameters of the femoral heads were measured in both the coronal and transverse planes using callipers, and the averages of both values were recorded. A 2.5-mm drill was used to create a tunnel in each femoral head and a thermocouple (2-mm General Electric Type T thermocouple; General Electric, Fairfield, CT, USA) was subsequently introduced into it. Each tunnel was drilled perpendicularly to a depth that corresponds to half the measured diameter (i.e. the radius) of the femoral head. This ensures that the thermocouple will be placed near the centre of the femoral head, thus providing accurate measurements of its core temperature. To insulate the thermocouple from the external environment, the drill hole was sealed using a heat-resistant polyimide tape (3M Polyimide Film Tape 5413; 3M, St Paul, MN, USA), as shown in Fig. 1 . The specimens were then placed in individual containers and autoclaved in a Getinge HS66 series steam steriliser (Getinge HS6617; Getinge, Sweden). Core temperatures were measured and recorded during the autoclaving process using the Kaye Validator 2000 (General Electric, Fairfield, CT, USA).
The six femoral heads were divided into two groups, with each group containing three femoral head allografts. The first group of femoral heads underwent a flash sterilisation procedure similar to that described in the SGH Bone Bank Protocol, (5) but with a slightly longer sterilisation time of 4 min, as per the recommendation in the Centers for Disease Control and Prevention (CDC) guidelines for porous objects. (7) The second group underwent three cycles of pre-vacuum, with a longer sterilisation time of 22 min, in order to determine the minimum time required to completely sterilise the specimens. This study was approved by the institutional review board of our institution and all specimens were disposed of after completion of the study.
RESULTS
In the group of femoral heads that underwent flash sterilisation, the highest recorded core temperature of 130°C was in a 44.0-mm femoral head. The remaining 43.0-mm and 47.8-mm femoral heads recorded maximum temperatures of 126°C and 104°C, respectively. Fig. 2 shows the temperature graphs for the allografts in this group of femoral heads, which were similar and displayed a progressive upward trend. This suggests that there was no leakage, and accurate measurements of the intraosseous temperatures were obtained.
When the sterilisation time was increased to 22 min, the core temperatures for all the allografts plateaued at 133°C (Fig. 3) . However, the temperature waveform for the 48.0-mm allograft suggests that there could have been a leak in the seal, as there were aberrant spikes in temperature after the second pre-vacuum. In both groups, none of the femoral heads reached 134°C.
DISCUSSION
The transmission of blood-borne pathogens is a rare but devastating consequence of allograft use. Therefore, many bone banks currently adopt stringent donor selection criteria and routinely perform screening blood tests in order to prevent disease transmission. However, despite such measures, there have been reported cases of HIV and hepatitis C transmission as a result of allograft transplantation. (8, 9) Although the donors in those cases had initial negative screening test results, they were later tested positive using more sensitive methods. It is important to note that in those cases, the allografts used did not undergo additional processing or treatment. (9) To date, there has been no reported case of disease transmission via the use of processed bone allografts.
Autoclaving is the most reliable and widely used method of sterilising medical equipment. Flash sterilisation refers to the autoclaving of unwrapped objects, which allows the objects to come into direct and rapid contact with steam, leading to a shorter sterilisation time. When the SGH Bone Bank was set up, flash sterilisation was used to reduce the risk of infection, while limiting the thermal damage to allografts. Although flash sterilisation is efficacious in reducing the incidence of allograft contamination, its effectiveness in preventing the transmission of blood-borne pathogens remains unknown.
(5) The hepatitis B virus is known to have high heat resistance, requiring a temperature of 98 o C sustained for a minimum of 2 min to inactivate it. (10) On the other hand, HIV is heat-sensitive and easily destroyed at the intraosseous temperatures attained in the present study.
(11) The hepatitis C virus has a higher resistance to heat than HIV, but can be inactivated after 4 min at 65°C. (12) In the present study, only femoral head allografts with diameters of up to 44.0 mm were able to maintain temperatures of 98°C or higher for at least 2 min during flash sterilisation (Fig. 2) . This is despite the use of a slightly longer sterilisation time of 4 min, implying that flash sterilisation alone may not be adequate to prevent the transmission of hepatitis B in larger allografts. However, in the prevention of hepatitis C transmission, our results showed that flash sterilisation is adequate for allografts with diameters measuring up to 47.8 mm. On the other hand, when a sterilisation time of 22 min was used, we were able to achieve sterilisation of the allografts according to the CDC guidelines. (7) However, this resulted in significant damage to the allografts, rendering them unfit for use.
It is reasonable to assume an inverse correlation between the size of the allografts and the intraosseous temperatures achieved during autoclaving. This is because larger allografts have higher masses and therefore require more thermal energy and a longer time to heat up. In the present study, the diameter of the femoral head was used as a surrogate measurement for the mass of the allograft, as callipers are more readily available than weighing machines in operating theatres. However, the diameter of the femoral head may not correlate well with the mass of the allograft. Depending on the amount of remnant femoral neck, allografts with similar head diameters may have significantly different masses. This possibility may account for the higher intraosseous temperature observed in the 44.0-mm specimen than in the 43.0-mm specimen in the flash sterilisation group (Fig. 2) .
It should be noted that in the present study, all six allografts were obtained from elderly patients whose bone mineral density were likely to fall within the osteoporotic range. Therefore, the results of the present study may not be applicable to allografts obtained from patients with normal bone density.
Compared to commercial products, autoclaved femoral heads remain the most economical source of bone graft at our institute (Table I ). This is especially the case in situations where large amounts of allografts are required. In such cases, the cost savings in using autoclaved femoral heads can be substantial.
In conclusion, stringent donor selection using modern screening tests remains a vital step in the prevention of allograft-related infections. Processing allografts further reduces the risk of infection, and as shown in the present study, flash sterilisation is only suitable for the prevention of disease transmission in smaller allografts. We recommend that large allografts be divided into smaller pieces prior to flash sterilisation so that the intraosseous temperatures achieved are enough to eliminate transmissible pathogens. Although prolonged autoclaving ensures the sterility of allografts, it is likely to result in their destruction. Therefore, flash sterilisation is favoured over terminal sterilisation, as it is capable of preventing disease transmission while preserving the integrity of the allografts. 
